In this work, the systematic integration of bio-refineries within oil refineries is considered. This is particularly relevant due to the lack of adaptation of existing refineries to diminishing oil supply. Moreover, the integration of oil and bio-refineries has a massively positive effect on the reduction of CO2 emissions. For instance, the biodiesel produced in bio-refineries could be integrated with conventional oil refinery processes to produce fuel, thusly reducing the dependence on crude oil. This represents a suitable alternative for increasing profit margins while being increasingly environmentally friendly. The identified possible routes of integration will be discussed in this contribution. For this purpose, the different proposed alternatives and their configurations were simulated and analysed. The developed models simulated key integrations e.g. a gasification unit that is fed from pyrolysis oil, biodiesel, and refinery residue, before being combined into one system involving all three. Varying forms of synthesis for these three feeds were also considered, focusing on novel techniques as well as environmentally friendly options that made use of waste products from other processes. The simulations revealed valuable gas stream rich in H2, with some CO2 and with a slight excess of CO resulting from the gasification unit. Further upgrading of these products was achieved by coupling the gasifier with a water gas shift (WGS) unit. This allowed a fine tune of the H2:CO ratio in the gas stream which can be further processed to obtain liquid hydrocarbons via Fischer-Tropsch (FT) synthesis or alternatively, clean hydrogen for fuel cells applications.
Introduction
The key idea is to build the flow sheet of integrated units of a conventional oil refinery with a bio-refinery. The appeal of using a bio-refinery is that the feed stocks are more readily available due to the wide variety of biomass that can be used, i.e. sugar and wood, which produce bio-fuels of comparable quality to fossil fuels and therefore, energy. Furthermore, we have considered the production of bio-diesel from waste water as an extra added-value product (Kiracofe, 2010) . The two processes mentioned, along with residue from a conventional refinery are all combined inside a gasification unit to become a feedstock that produces syngas with the use of oxygen and steam. This section of the flow sheeting has been based on the work of Schinski (2014) . Once the syngas has been purified, it enters the WGS and FT reactors to produce fuel (liquid hydrocarbon) and hydrogen. Energy obtained from these processes can also be used in a combined heat and power (CHP) unit to maximise the process integration. The tail gas outlet from the FT reactor enters a separation unit, separating the carbon monoxide from the stream. The remainder of which, enters the refinery again. Another integration that could be undertaken is the use of raw syngas from the oil refinery into the purifier, mixing it with the syngas derived from the gasification unit, followed then by the WGS and FT reactors.
In this work, the main focus is related to the pyrolysis unit that uses n-butanol to produce oil. The use of this resulting pyrolysis oil is more favourable as a bio-fuel due to the need of mitigating greenhouse gas (GHG) emissions with the use of developing technologies, when compared to conventional fuel. Figure 1 shows the flow sheet used in this work for modelling and simulations in CHEMCAD™ and Aspen Plus ® . Moreover, sensitivity analysis was carried out to determine sensible output changes by varying several input properties. In the proposed process integration, the first bio-refinery process corresponds to the production of pyrolysis oil. Using sugar as an input to the ABE (acetone-butanol-ethanol) fermentation unit, bacterial species ferment an aqueous sugar solution producing the ABE mixture with a water immiscible solvent, glyceryl tributyrate, also known as the extractant phase. The next step of the process is the removal of glyceryl tributyrate through conventional distillation, followed by the upgrading of the distilled ABE mixture, which uses a palladium-hydrotalcite (Pd-HT) catalyst to produce a mixture of long chain ketones, that form the reactants for further reactions to produce the types of hydrocarbons found in gasoline, kerosene and diesel (Sreekumar et al., 2015) . Butanol has been chosen as the bio-fuel in this process due to its advantages compared to ethanol such as higher energy content and lower vapour pressure. The increase of butanol yields from ABE fermentation are obtained by the application of continuous fermentation and an external distillation process which is illustrated in Figure 1 . It has been recommended that the solvent used for this process with a higher efficiency is mesitylene, rather than the
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3 conventional oleyl alcohol. (Kraemer et al., 2010) . Another advantage of butanol is its use as biofuel in vehicles for which no modification is required in the engines. (Nawaz et al., 2011) . Once distillation of the ABE mixture has isolated the butanol in the extractive distillation unit, the acetone and ethanol are purified in subsequent distillation, which is not shown in Figure 1 . It is worth noting that the butanol undergoes pyrolysis as this pyrolysis oil is better blended with refinery residue and biodiesel.
The other route considered in this flow sheet is the production of bio-diesel, as seen in the bottom of Figure 1 , from the waste water sludge that is produced from the waste water treatment process via trans-esterification, then using this bio-diesel as another input for the gasification unit. The waste water sludge is rich in fatty acids, which are the main components required for trans-esterification that produces bio-diesel and glycerol. These two products are easily separated through methods such as gravity settling (Kiracofe, 2010) . The biodiesel was considered a viable addition to the two existing feed stocks into the gasifier due to the suitable fuel quality and its further contribution to green energy production.
The gasification unit operating under isothermal and steady state conditions also uses refinery residue, in addition to the bio-diesel and pyrolysis oil, with oxygen and steam to produce syngas, which is the main product, while also producing slag. The use of these three main streams that originate from previously unused material, to create syngas, is to promote more "green" energy production and to offer solutions to dwindling fossil fuel supply.
The conversion of biomass via gasification and hydro-pyrolysis followed by the conversion of natural gas via FT synthesis to liquid fuel is another alternative to these integration pathways proposed by Gencer et al (2014) and we have included it in our integrated approach. The raw syngas from the oil refinery could also be an input of the purifier increasing the amount of syngas entering the WGS and FT reactor. The tail gas produced from the FT reactor could also be entered in a separator, where carbon dioxide from the remainder gas is separated before being returned to the oil refinery. Another aspect of integration proposed is the conversion of syngas to steam via boiling to produce steam for the CHP plant. The output of the boiler being steam could either be directly used in the refinery operations or could be converted to electricity for the benefit of a refinery.
Design and simulation

Mass and energy balance of the gasification unit
The first step is to identify the specifications of the inputs to the gasification unit being pyrolysis oil, biodiesel, and refinery residue. It is considered that the product of a conventional pyrolysis unit with the efficiency of 20 % is 0.956 kg/s using information provided in the work by Desai (2011) . The common composition of pyrolysis oil is obtained from Vivarelli and Tondi (2004) , which states that it contains 48.5 wt% carbon, 6.4 wt% hydrogen and approximately 45 wt% oxygen. The bio-diesel used as an input in this flow sheet is obtained from the process of using waste from waste water treatment as mentioned before. The values used for this simulation are derived from Kiracofe's 2010 work as well as simple mass and energy balances leading to the values demonstrated in the caption for Fig 2. The composition of bio-diesel chosen for this work is 76.2 wt% carbon, 12.6 wt% hydrogen and 11.2 wt% oxygen (Hoekman et al., 2012) . Using the percentage of waste water remaining from the treatment and the conversion rate of producing bio-diesel stated in the literature, the flow rate of bio-diesel is calculated to be 1.3 kg/day (Kiracofe, 2010) , the amount of bio-diesel shown here is minimal due to conversion processes only having yields of maximum 13 % as shown in Kiracofe's (2010) research. Considering the input volumes to an oil refinery, we can assume that the outlet volume in the form of refinery residue will be of the order of 1x10 4 kg/h. In this case, the refinery residue was initially chosen to be 60,000 kg/h for use in the simulation.
According to Medine (2014) , the weight percent of carbon, nitrogen, oxygen, sulphur and hydrogen in refinery residue are 85.15 %, 0.5 %, 0.055 %, 4.5 % and 9.3 %, respectively. The pressure of the steam required for the gasification of refinery residue is also stated to be 30.8 psig. Standard stoichiometric approaches are not applicable for biomass processes due to the fact that they are not composed of well-defined chemical species, therefore, the amount of oxygen required for the gasification process was derived from the calculation of the empirical formula in (Bernocco et al., 2011) . Moreover, through the use of simple energy balance, the temperature of the oxygen and steam mixture required for the gasification unit was calculated. The temperature for purifying the produced gas must be decreased to a certain amount as the inputs are not entering the gasification unit individually, therefore a heat exchanger using coolant is required. In this particular case, it is decreased to 120 °C. Depending on the amount of the inlet to the gasification unit, the amount of coolant needed differs. Therefore, as a result of using three inputs, the required coolant flow rate would increase. The simulation was improved, however, by reducing the amount of oxygen for the gasification process in order to obtain higher quality syngas, with a more desirable ratio of CO:CO2, in favour of CO. 
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Mass and energy balance of the water gas shift reactor
Following the gasification modelling (Fig. 1) , the next step is the water gas shift reactor. The produced gas or the purified syngas enters the WGS reactor in order to produce hydrogen rich syngas. For this reaction, an equilibrium reactor is selected for the WGS reaction due to the chemistry involved dictating the reliance on equilibrium to favourably produce hydrogen.
Results
The composition of syngas and WGS reaction products are stated in tables 1 and 2.These values indicate the fact that the syngas produced has high amounts of carbon monoxide followed by hydrogen and carbon dioxide with the percentages of approximately 4 %, 95 %, and 1 %, respectively. This composition represents the main composition expected for good quality syngas having high amounts of carbon monoxide along with hydrogen and some carbon dioxide, which has been improved even more by conducting sensitivity analyses. It must be noted that the amount of methane produced in the gasification unit were negligible. As can be seen in table 2, the WGS reaction products obtained result in having the desired ratio of 2.0105 being suitable for further processing such as FT reactions. 
Conclusions
The results of the simulation showed that the syngas derived from the gasification process show the expected composition of CO, H2, and CO2 having high amounts of CO. The H2:CO ratio of the WGSR products expected is also satisfactory, and thus, meeting the requirement for further processing which should be around 0.7. This ratio has been improved through enhancements made in the amount of oxygen, supported by using information obtained through sensitivity analysis. Moreover, changes in composition of the output from the gasification unit were also evaluated by modulating the input flows. Furthermore, through the use of low-value streams and recycled waste, as well as the use of non-fossil based fuels, the proposed process integration drastically reduces the negative environmental impact that the refinery has as well as preventing excessive wastes of energy without increasing costs for advanced equipment or pre-processing. Finally, it could be shown that these integrations will increase the profitability of any refinery that incorporates them properly and effectively while reducing overall refinery wastage.
